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Objective: The aim of this study to assess the utility of 128-MDCT VHSG in evaluation of
different female infertility causes.
Patients and methods: Forty eight infertile female patients were included in the study,
which was conducted in Radiodiagnosis Department, Zagazig University Hospitals from
November 2014 to May 2015. MDCT Hysterosalpingography was performed between days
6 and 12 of the menstrual cycle at least 48 hours after menses.
Results: we compared findings of MDCT-VHSG with hysteroscopy or/ and laparoscopy
results. We found that MSCT-VHSG more accurate in diagnosis of uterine and ovarian infer-
tility causes, while less accurate in the diagnosis of tubal causes. The sensitivity for detect-
ing uterine and fallopian tubes pathology by MDCT-VHSG was 100% and 100% respectively,
while the specificity was 100%, 85.71% respectively. MDCT-VHSG had reported 100% and
92.85% PPV in detecting uterine and fallopian tubes pathology respectively, while the
NPV was 100% and 100% respectively.
Conclusion: The MDCT-VHSG is a diagnostic modality which permits the evaluation of the
different causes of the female infertility, but still limited value in assessment of peritubal
adhesions.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).1. Introduction
Infertility affects approximately 15% of couples, and is
defined as the inability to conceive after a 12-month period
of regular unprotected intercourse. The female factor is
responsible for about 40–55% of infertility causes. Imaging
plays a key role in evaluation of women to determine the
management plan for infertility [1].
The causes of female infertility are varied and range
from tubal and peritubal abnormalities to uterine, cervical,and ovarian disorders. While ultrasound and MRI evaluate
the uterus and ovaries with great diagnostic accuracy, they
offer limited information on the fallopian tubes. In most
cases, the imaging work-up begins with hysterosalpingog-
raphy to evaluate fallopian tube patency, but many
complications such as reaction to the contrast medium
and infection [2].
All these diagnostic modalities to a degree complement
each other, in order to provide a full structural information
on the female reproductive tract, but MDCT-virtual HSG
stands out as one of the most comprehensive and cost
effective techniques available today for the evaluation of
the female reproductive tract. Infertile patients could ben-
efit from MDCT-VHSG, as many of the causes of infertility
will be tested in great detail [3,4].
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tion that combines these capabilities of multi-detector CT
with the established technique of hysterosalpingography
to allow a comprehensive evaluation of the female repro-
ductive system. Volume Rendering (VR) images and virtual
endoscopic views allow a detailed accurate assessment of
cervical, uterine, and tubal abnormalities and provide addi-
tional information about other pelvic structures [5].
The aim of the work was to assess the utility of 128-
MDCT VHSG in evaluation of different female infertility
causes.Fig. 1. Female patient 26-year-old with 1ry infertility. (A) MDCT axial MIP imag
tubes (arrows) caliber. (B) MDCT sagittal MIP image showing the opacified ute
higher level showing both tubes of average caliber, no evidence of peritubal o
Volume Rendering (VR) image showing smooth outline normal fallopian tubes se
uterine cavity and isthmus.2. Patients and methods
Forty-eight infertile female patientswere included in the
study, whichwas conducted in Radiodiagnosis Department,
Zagazig University Hospitals from November 2014 to May
2015. They were referred from Obstetrics/Gynecology
Department of Zagazig University Hospitals after obtaining
institutional review board approval from our hospital and
informed consent from patients before study.
Inclusion criteria were absence of pelvic infection,
normal bimanual pelvic examination, normal semene showing normal inverted triangular shape uterus and normal fallopian
rine cavity without filling defects or adhesions. (C) MDCT axial image at
r pelvic adhesions and homogenous peritoneal smear (arrow head). (D)
gments. (E) Virtual endoscopy view of the uterine cavity images is normal
Table 1
Showing the abnormal finding detected by MDCT-HSG in 42 female
patients.
Abnormal findings MDCT %
Uterine lesion
Uterine anomaliesa 6 (12.5)
Submucosal myoma 4 (8.3)
Uterine synechiae 4 (8.3)
Uterine polypa 6 (12.5)
Tubal lesion
Unilateral tubal blocka 2 (4.16)
Bilateral tubal blocka 10 (20.8)
Unilateral hydrosalpinxa 6 (12.5)
Peritubal adhesionsa 10 (20.8)
Ovarian lesion
Bilateral endometriomas 2 (4.16)
a The sum of abnormal findings exceeds the total number of patho-
logical cases because six patients showed multiple diagnoses.
Table 2
Showing the correlation between MDCT-VHSG and laparoscopic and
hysteroscopic (reference final results).
Pathological findings MDCT-VHSG
(%)
Reference finala
(%)
Uterine lesion
Uterine anomalies 6 (12.5) 6 (12.5)
Submucosal myoma 4 (8.3) 4 (8.3)
Uterine synechiae 4 (8.3) 4 (8.3)
Uterine polyp 6 (12.5) 6 (12.5)
Tubal lesion
Unilateral tubal block 4 (8.3) 4 (8.3)
Bilateral tubal block 10 (20.8) 8 (16.6)
Unilateral hydrosalpinx 6 (12.5) 6 (12.5)
Peritubal adhesions 10 (20.8) 8 (16.6)
Ovarian lesion bilateral
endometriomas
2 (4.16) 1 (4.16)
a Reference final = laparoscopic and hysteroscopic results.
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and excluding criteria were patient will not complete the
study or had hypersensitivity to contrast media.
All patients were subjected to the following:
a. Complete history taking: infertility duration. Either
primary or secondary, past history of cesarean sec-
tion or ectopic pregnancy.
b. Full clinical examination: it was performed by refer-
ring clinicians.Fig. 2. Female patient 30-year-old with 1ry infertility. (A) MDCT axial MIP images
the myometrial wall with typical indentation (arrow head in). (B) MDCT coronal M
reveal superior delineation of double uterine cavity and single cervix and Rt. tub
the two uterine horns. (F) Laparoscopic image showing two uterine horns, whit
Tube.c. MDCT hysterosalpingography: the procedure was per-
formed between days 6 and 12 of themenstrual cycle
at least 48 h after menses had ceased. The women
were advised to avoid unprotected intercourse in this
period. CT scans were acquired with 128 multi-
detector row CT scanner (PHILIPS ingenuity).
1.1. Patient position and technique
The patient is positioned supine on the CT table in the
lithotomy position. First, the perineum is cleansed with areveal two widely separated uterine horns and exhibit the morphology of
IP images reveal pelvic horseshoe kidney (arrow). (C and D) 3D VR images
al block. (E) Virtual endoscopic view showing nearly symmetric lumens of
e anterior left structure is the ovary and no spillage of blue dye from RT.
Fig. 3. Female patient 32-year-old with 1ry infertility. (A) MDCT coronal MIP image reveals deep indentation on the uterine fundal region (arrow head). (B)
VR image showing deep indentation on the uterine fundal region (bifid appearance of the uterus), deformed irregular uterine cavity and bilateral tubal
block. (C) Virtual hysteroscopy demonstrates the smooth outline of thick incomplete septum incomplete uterine septum (arrow). (D) Hysteroscopy image
showing uterine septum in the middle between two uterine cavities.
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Disposable plastic speculum is used to dilate the vagina
and obtain access to the uterine cervix. A scout view of
the pelvis is obtained with the speculum in place. The
localizer was adjusted to localize small field of view to
avoid excess radiation exposure. Next, a plastic catheter
sizes 8 F inserted through the ectocervix and instills
15 mL of diluted water-soluble iodine-contrast material
(ioxitalamate; Telebrix Hystero) (2.5 mL contrast diluted
with 12.5 mL saline solution) with a pump injector at a rate
of 0.3 mL/s. The image acquisition begins 30 s after starting
the instillation.
The following technical parameters are used for image
data acquisition: detector collimation, 128  0.625 mm;
section thickness, 0.5 mm; reconstruction interval,
0.45 mm; 120 kV; and scanning time, 3–4 s. Automatic
modulation of the tube current (range, 120–250 mAs) is
used to allow radiation dose saving in accordance with
the patient’s size along the z-axis. The mean patienteffective dose was 3.54 ± 0.6 millisievert (mSv). The
acquired image data are transferred to the workstation
(PHILIPS IntelliSpace Portal) for post processing.
o Post processing: including multiplanar reformatting,
Maximum Intensity Projection (MIP), Volume
Rendering (3D external views), and Virtual Endoscopy
(3D display endoluminal images similar to that
obtained with hysteroscopy).
d. Hysteroscopy and/or laparoscopy were done by an
infertility specialist (the third researcher) from 1 to
6 months after MDCT examination, according to
the radiological findings and we used them as a gold
standard method.
e. Statistical analysis was performed using statistical
package for the social sciences (SPSS version 20.0
software). Differences between means (quantitative
variables) into parametric groups were compared
by Student’s t-test.
Fig. 4. Female patient 37-year-old with 2ry infertility and past history of appendectomy. (A) MDCT coronal MIP image shows submucous myoma (arrow) at
the fundus obliterating the right tubal opening and encroaching upon left one. (B and C) VR images showing the indentation of the uterine cavity by
submucous myoma (green arrow). (D) Hysteroscopic image shows submucosal leiomyoma seen in right cornual region, when the laparoscopy was done
bilateral tubal block confirmed.
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This study included 48 infertile female patients, the
mean age of 31.7 ± 10.7 y (ranged from 22 to 43 y). Primary
infertility was found in 16 patients (33.3%), while sec-
ondary infertility found in 32 (66.7%) of the patients. The
duration of infertility is ranging from 2 to 5 years (mean
3.1 ± 1.01). Three patients had previous ectopic pregnancy
since 2 years.
Of the 48 patients studied, 6 patients (12.5%) showed
normal findings (Fig. 1), while abnormal findings were
diagnosed by virtual MDCT HSG in 42 (87.5%) of the
patients (Table 1).
The laparoscopic examination was done in 32 patients,
who had tubal and ovarian pathology and hysteroscopic
examination was done in 20 patients with uterine pathol-
ogy, both were done in 6 patients. The reference final
results revealed 20 (41.6%) patients with uterine and 2
(4.1%) ovarian pathological findings similar to the MDCT-
VHSG findings (Table 2). Uterine congenital anomalies
were found in 6 (12.5%) patients which are as follows: 3
patients bicornuate uterus (Fig. 2), one patient with sep-
tated uterus (Fig. 3) and 2 patients had unicornuate uterus.
The other uterine pathology was submucous myoma in 4(8.3%) patients (two of them had bilateral tubal block,
Fig. 4) and 6 (12.5%) patients with uterine polyp (one of
them had bilateral tubal block, Fig. 5). Uterine synechiae
was found in 4 (8.3%) patients (Fig. 6). Bilateral ovarian
endometriomas were found in two patients, confirmed
and treated by laparoscopic surgery.
Regarding fallopian tubes pathology, the reference final
results revealed 26 (54%) patients with tubal pathological
findings, but the MDCT-VHSG revealed 30 (62.4%) patients.
Four (8.3%) patients with unilateral tubal block and 10
(20.8%) patients were showing bilateral tubal block, 10
(20.8%) patients were showing peritubal adhesions
(Fig. 7), and 6 (12.5%) patients were showing unilateral
hydrosalpinx (Fig. 8).
There were two patients of bilateral tubal block that
were revealed by MDCT-HSG, yet the reference final result
revealed patent tubes (expressed as false-positive
result in the two patients). The reference final results
revealed only 8 (16.6%) patients of peritubal adhesions,
while MDCT-VHSG diagnosed 10 (20.8%) patients
(expressed as false-positive result in two patients). The
correlation between the radiological diagnosis by
MDCT-VHSG and final diagnosis made by laparoscopy
and hysteroscopy is summarized in Table 3 and presented
by bar chart (Fig. 9).
Fig. 5. Female patient 32-year-old presented with 2ry infertility. (A) MDCT coronal MIP image shows polyp in the lower uterine segment (arrow) and
bilateral tubal block. (B) VR images show three filling defects at its anterior lower part (green arrows) as well as the bilateral tubal block. (C) VR image
shows Semi lumbarization in S1 vertebra can be also noted (long green arrow in). (D) Virtual hysteroscopy illustrates more polyps (arrows). (E)
Hysteroscopy image illustrates uterine polyps.
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pathology by MDCT-VHSG was 100% and 100% respec-
tively, while the specificity was 100% and 85.71% respec-
tively. MDCT-VHSG had reported 100% and 92.85% PPV in
detecting uterine and fallopian tubes pathology respec-
tively, while the NPV was 100% and 100% respectively
(Table 4).4. Discussion
In this study we compared findings of MDCT-VHSGwith
hysteroscopy and/or laparoscopy results. We found that
MSCT-VHSG is more accurate in diagnosis of uterine and
ovarian infertility causes, while less accurate in the diagno-
sis of tubal causes. The sensitivity for detecting uterine and
fallopian tubes pathology by MDCT-VHSG was 100% and
100% respectively, while the specificity was 100% and
85.71% respectively. MDCT-VHSG had reported 100% and
92.85% PPV in detecting uterine and fallopian tubes pathol-
ogy respectively, while the NPV was 100% and 100%
respectively.
In our study 20 (41.6%) patients were found with uter-
ine pathological findings. Uterine congenital anomalies
were found in 6 (12.5%) patients which were as follows:3 patients of bicornuate uterus (class IV Mullerian duct
anomaly), one patient of septated uterus (class Va) and 2
patients of unicornuate uterus (class IId). The other uterine
pathology was submucous myoma in 4 (8.3%) patients and
6 (12.5%) patients with uterine polyp. Uterine synechiae
was found in 4 (8.3%) patients. Moreover, MCDT was able
to diagnose bilateral ovarian endometriomas which were
found in 2 (4.1%) patients.
Similarly other researchers [5,6] had found better diag-
nostic value of MDCT-HSG because its ability to define con-
tour, outer wall and myometrium of the uterus making
MDCT-VHSG more accurate in differentiating between a
septate and bicornuate uterus and the virtual of MDCT-
VHSG endoscopy showed uterine filling defects such as
polyps and synechiae compared to the X-ray HSG where
the dense contrast media may obscure such delicate
lesions [7]. Similarly Carrascosa et al. [4] were able to cor-
rectly diagnose submucosal myomas, endometrial polyps,
and uterine anomalies by using MCDT virtual
hysteroscopy.
Another advantage of the MDCT is the ability of evalu-
ating the para-uterine pelvic structures. Abdelrahman
et al. [8] examined 25 patients with MDCT-VHSG and X-
ray HSG and two patients with ovarian cysts (one simple
and the other was complicated).
Fig. 6. Female patient 37-year-old with 2ry infertility, past history of caesarian section. (A and B) MDCT sagittal and axial MIP image reveals deformed
shaped uterine cavity (elongated and narrow). (C) Volume Rendering (VR) image reveals small deformed irregular uterine cavity (arrow). (D) Virtual
hysteroscopy illustrates a uterus with irregular walls due to synechiae (arrows). (E) The hysteroscopy study showing deformed shaped uterus with
intrauterine adhesions.
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structures is an advantage of the VHSG in comparison
with conventional HSG. It permits the detection of inci-
dental findings, ranging from the ones that lack medical
value to those with high clinical significance, hence a big
benefit to the patient [9]. The current study showed two
incidental findings in two patients; the first one was a
pelvic horseshoe kidney in patient with bicornuateuterus as a common association between uterine
and renal anomalies, the second one was semi-
lumbarization of S1 vertebra in patient with bilateral
tubal block.
As the gold standard in differentiating tubal patency,
extrauterine pathology and pelvic adhesions are
laparoscopy. The laparoscopic results in our study
revealed 26 (54%) patients with tubal pathological
Fig. 7. Female patient 40-year-old with 2ry infertility with history of operated ectopic pregnancy. (A) MDCT coronal MIP image shows normal uterine
cavity and bilateral vertically oriented fallopian tubes (arrows) and surrounding contrast loculations. (B) Axial MIP image shows fallopian tubes in upward
direction with peritubal contrast loculations (arrows). (C) VR image illustrates abnormal tubal direction and peritubal contrast loculations denoting
adhesions. (D) Laparoscopic image confirm presence of peritubal adhesions.
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with tubal findings (either block, hydrosalpinx or per-
itubal adhesions). Four positive false cases (8.3%) were
reported by MDCT-VHSG, and 2 cases were by bilateral
tubal block and peritubal adhesions in another two cases.
Cornual spasm following contrast injection can explain
the misdiagnosis of tubal occlusions and presence of
polyp at the tubal opening while lack of delayed images
by MDCT may explain overdiagnosis of peritubal
adhesions.
In our study the sensitivity and NPV for MDCT-VHSG for
detected fallopian tubes pathology by MDCT-VHSG was
100% for each, while the specificity and PPV were 85.7%
and 92.85% respectively.
Our results were in accordance with Shaaban et al. [10]
as they found one out of four false positive cases of bilat-
eral tubal block showed normal laparoscopic results.
MDCT-VHSG has been able to detect all cases of tubalocclusion (sensitivity, negative predictive value: 100%),
while they reported PPV of 83.3%. Moreover they stated
that obvious advantage of HSG was its ability to comment
on pelvic adhesions, while MDCT is unable because of the
lack of delayed images.
The use of 128-row MDCT allows the study to be com-
pleted in only 4 s, capturing the images in real time while
the filling material is still present in the tubes or as it
escapes through the fimbriated ends. Virtual endoscopic
navigation is similar to the visualization of the inner tubal
lumen. Also Volume Rendering (VR) provides excellent
definition of the tubes, detecting hydrosalpinx or obstruc-
tions, making VHSG a valuable diagnostic tool for the
assessment of tubal pathology [9].
The use of MDCT-HSG is simple, and it can be used with
low-dose radiation. However, some limitations in this
study are its higher cost and inability to detect peri-tubal
adhesions.
Fig. 8. Female patient 29-year-old with 2ry infertility past history of cesarean section 3 years ago. (A) MDCT Coronal MIP image shows left ampullary
dilatation (open arrow) and vertically oriented right tube denoting peritubal adhesions (solid arrow). (B) 3D VR image reveals vertically oriented right tube
with the surrounding adhesions and the left ampullary dilatation. (C) Virtual hysteroscopy image illustrates the dilated left tubal lumen. (D) Laparoscopic
study confirms dilated distal left fallopian tube and RT. Peritubal adhesions.
Fig. 9. Bar chart shows the summary of radiological findings by MDCT-VHSG and final diagnosis made by laparoscopy and hysteroscopy.
Table 3
Showing the summary of radiological findings by MDCT-VHSG and ultimate diagnosis made by reference final.
Pathological findings Reference final results MDCT-VHSG
No % No %
Uterine lesions +ve 20 41.66 20 41.66
ve 28 58.33 28 58.33
Tubal lesions +ve 24 50 28 58.33
ve 24 50 20 41.66
Ovarian lesions +ve 2 4.16 2 4.16
ve 46 95.83 46 95.83
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Table 4
Showing the diagnostic value of MDCT-VHSG for uterine pathology and
fallopian tube pathology.
Index Uterine pathology
MDCT-VHSG %
Tubal pathology
MDCT-VHSG %
Sensitivity 100 100
Specificity 100 85.71
PPV 100 92.85
NPV 100 100
PPV = positive predictive value, PPV = positive.
1752 D.I. Hasan et al. / The Egyptian Journal of Radiology and Nuclear Medicine 47 (2016) 1743–17525. Conclusion
The MDCT-VHSG is a diagnostic modality which
permits the evaluation of different causes of the female
infertility. Using 128-MDCT in the analysis of these images
makes this technique an integrated procedure of extreme
value in the study of the infertile woman.Financial disclosure
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